The electron assisted low energy dd reactions in deuterized metals are investigated. It is shown that if a metal is irradiated with slow, free deuterons then the e + d + d → e ′ + p + t and e + d + d → e ′ +n+ 3 He electron assisted dd processes will have measurable probabilities even in the case of slow deuterons. The cross sections and the yields in an irradiated sample are determined. The results are associated with the so called anomalous screening effect. It is concluded that the electron dd processes have to be taken into account when evaluating the experimental data of low energy fusion reactions in metals. 25.60.Pj, 24.90.+d, 23.90.+w Keywords:
Astrophysical factors have great importance in nuclear astrophysics [1] , [2] . Investigating astrophysical factors of nuclear reactions of low atomic numbers [3] , in the cross section measurements of the dd reactions in deuterated metal targets extraordinary observations were made. The phenomenon of increasing cross sections of the reactions measured in solids compared to the cross sections obtained in gaseous targets is the so called anomalous screening effect. A few years ago a systematical survey of the experimental methods applied in investigating and the theoretical efforts for the explanation of the anomalous screening effect was made [4] from which one can conclude that the full theoretical explanation of the effect is still open. Here it is shown that the electron assisted dd processes in metal environment are able to produce yields which are considerable in the energy range investigated in [4] .
Let us consider the following dd nuclear reactions
(Since [4] focuses on reactions (1) and (2) the d + d → 4 He + γ reaction is not discussed in this paper.) Here p, d and t denote proton, deuteron and triton, respectively, and ∆ is the energy of the reaction, i.e. the difference between the rest energies of the initial (d + d) and final ( p + t and n + 3 He) states, ∆(pt) = 4.033 MeV and ∆(nHe) = 3.269 MeV , respectively.
The energy dependence of the cross section (σ) of the processes (1) and (2) reads as
where E r is the relative kinetic energy of the deuterons, S (E r ) is the astrophysical factor and η (E r ) is the Sommerfeld parameter,
where k is the magnitude of the wave vector of the relative motion of the interacting deuterons in the center of mass coordinate system. The reduced rest mass m d /2 of two deuterons of rest mass m d is approximated as m d /2 = m 0 c 2 = 931.494 MeV which is the atomic mass (energy) unit. is the reduced Planck constant, c is the velocity of light and α f is the fine structure constant [1] , [2] . In the laboratory frame of reference the energy E of the deuteron in the beam is E = 2E r .
The exp [−2πη (E r )] dependence of σ (E r ) appears since the relative motion of the two deuterons is described by the Coulomb solution ϕ(r) ∼ e −πη/2 Γ(1 + iη), and the cross section of the process is proportional to
Here Γ is the Gamma function [5] . F C (E r ) is the square of the deuteron-deuteron Coulomb factor. The rate of nuclear reactions (1) and (2) decreases rapidly with decreasing beam energies in consequence of F C (E r ) becoming small.
However the situation changes in the case of the electron assisted versions of (1) and (2) which read
where e denotes a conduction electron of the metal and e ′ stands for it after assisting the reaction. The cross section of reactions (6) and (7) is proportional to the square of the electron-deuteron Coulomb factor expressed in the variable E
where
with m e the electronic rest mass. k r is the magnitude of the wave vector of motion in the center of mass coordinate system of the interacting deuteron and electron. Here the reduced
In the cases (5 keV < E < 50
Although the processes (6) and (7) are second order processes it is expected that the disappearance of the small exp [−2πη (E)] quantity from the cross section of processes (6) and (7) may make the order of magnitude of their cross sections comparable with or higher than the order of magnitude of (3) with decreasing E.
In the processes investigated a low energy deuteron beam bombs deuterized metal targets.
The interaction between an ingoing deuteron and an electron of the metal is a Coulomb is the density of electron states at the Fermi-energy ε F in the metal [6] . The order of magnitude of q s is 10 8 cm −1 for metallic elements. The other interaction that is taken into account between the nucleons of the deuterons is the strong interaction of potential In the second order process investigated a free electron of the conduction band of the metal takes part in a Coulomb scattering with an ingoing deuteron of the beam. In the intermediate state a virtual free neutron-proton pair is created in the (6) and (7) processes.
The virtual neutron or proton corresponding to the processes (6) and (7), respectively, is captured due to the strong interaction by an other deuteron located in the solid. The reaction energy ∆ is shared between the quasi-free final electron and the proton and tritium or neutron and 3 He corresponding to the processes (6) and (7), respectively. Since the aim of this paper is to show the fundamentals of the main effects, the simplest description is chosen.
The transition probability per unit time (W f i ) of the processes can be written as and the transition probability per unit time is similar to the method discussed recently [8] determining the cross section of electron assisted neutron exchange process.
The cross section σ pt of the electron assisted d + d → p + t process has considerable contributions if
where k 1 , k 2 are the wave vectors in the final state of the proton and the triton. In the cases which fulfill condition (10) k 1 = −k 2 + δk with |δk| = δk ∼ q s and [8] . So
with E the kinetic energy of the deuterons in the beam, u the deuteron over metal number densities and
where v c is the volume of the elementary cell of the metal, N c is the number of lattice sites in the elementary cell and K 0 = 0.598
The cross section σ nHe of the electron assisted d + d → n+ 3 He reaction reads
with F pd = 2πη pd / (e 2πη pd − 1), which is the square of the pd Coulomb factor before the action of strong interaction with η pd = α f 2m 0 c 2 / (3∆ (nHe)). It is useful to introduce the relative yield
which is the ratio of the yields of electron assisted and normal d where η (E) = α f m 0 c 2 /E resulting r = 5.43 × 10 −4 at E = 0.05 MeV and r = 409 at E = 0.005 MeV (the energy interval 0.005 MeV < E < 0.05 MeV was investigated in [4] ) and r = 1.006 at E = 0.01031 MeV . For E < 0.023 the relative yield is larger than 1%. The energy dependence of log 10 (r) can be seen in Fig. 1 . From these data and from 
